Abstract: Nowadays the usage of gasoline as an energy resource is one of the most important subjects in the engineering field. A car is one type of energy consumer. Energy is used to build the cars and to running it. The fuel prices are fluctuate, so it seems sensible to explore every avenue towards saving energy in cars making. and study the factors that affect its consumption. The aim of the present work is to explain theoretically the calculation of fuel saving and cost in a car passengers in a greater detail than it has been done before and to describe statistically the affecting factors upon it. A statistical analysis has been used to study the influence of the weight and acceleration of the car upon the fuel consumption. It was shown that the fuel consumption increases linearly with the increase of a car weight and accordingly, the cost per unit travel of the car will increase.
Introduction
Several crises in the world had been resulted in the disappearance of cheap fuel oil. During the last 40 years, there have been many oil price shocks. After these shocks the world had reacted with recession and economies so that, the price was sliding up to unknown levels. Energy is used to build a car and to run it. The energy spent in materials, factories and on the roads. Examination shows that, the energy used to move the cars dominates the energy to produce cars (15% of the total energy consumed by nation table 1 [1] . With a limited supply of traditional non-renewable energy and a slowly growing renewable energy industry, it is important to increase energy efficiency to meet energy demand. Therefore, it is seem sensible to explore every avenue towards saving the energy used in making & running cars. Many researchers have carried out the study of the affecting factors on the fuel consumption of automobile. Al-Momani et al (2007) [2] , studied experimentally the effect of different factors (tires' conditions, altitudes, passengers' weight and the use of air-conditioning unit (load), vehicle speed, fuel type, maintenance condition) on the vehicles' fuel consumption. They found that the significant improvements in automotive fuel economy can be obtained by reductions in load, aerodynamic drag and rolling resistance (tire improvements), as well as by improvements in maintenance conditions and using efficient fuel type. Charles et al (2013) [3] , develop a theoretical model for the rate of fuel consumption of a vehicle (especially of a highway vehicle) as a function of its airspeed, taking into account the fuel consumption due to the moving parts of the vehicle as well. They found that the theoretical model is correctly describe the experimental data on fuel economy of a vehicle as a function of airspeed. The theoretical model as well as the 1 experimental data clearly show that the fuel economy of a vehicle does indeed depend on its air speed. Uldis (2011) [4] , measured the load as one factor that affect the fuel consumption of a car. He found that the fuel consumption is increasing by increasing the load, every 100 kg load increases the fuel consumption by 2.58-2.95 % varying from the driving cycle in on-road, and 2.57-2.89 % on chassis dynamometer experiments. Jan Rouwendal (1996) [5] , analyzed the fuel efficiency of private cars in relation to both the technical characteristics of the cars and the socio-economic characteristics of a driver. This effect has been investigated for a sample of Dutch drivers. He found that the age, type of employment of the driver and the price of the gasoline have significant effects upon the fuel efficiency.
In the present work, a statistical analysis has been used to study the influence of the weight and acceleration of the car upon the fuel consumption. For this purpose, the following guide lines have been followed:
2 Pre-Experimental Planning
Recognition of system
For the present study, a car (Golf model 1.3 trim C.CL.GL) of the following technical data has been used [6] , is: Capacity (1227 cm3) Weight of the car = 751.9 Kg S.f.c -0.34 Kg/KW.hr = 9.68*10-8 Kg/w.sec
Face area = 2.2795 m2 Acceleration =2.1 m/sec2
Theoretical Analysis:
To understand the factors involved in running the car, the following mathematical analysis have been carried out as shown in Fig. 1.[3] , . 
Choice of factors and selection of the response variable
In selecting the response variable, we have to be certain that variable completely provides clear, correct and useful information about the process or system that under study. In this experiment, the fuel consumption of a car has been chosen as the response that has to be reviewed. Now, the question is what are the factors that effect upon the fuel consumption of any car? Actually, there are many factors (controllable, uncontrollable, or noise factors) effect on the fuel consumption of a car, these are: (Weight of the car, Road properties., Maximum speed, Acceleration of the car, Drag force affected by the temperature and air pressure, Aerodynamic shape of a car and Velocity of the wind, etc.). In the present work, it is interested to study the effective of the weight and acceleration of the car that have more effective two factors upon the value of the usage of gasoline by the car. Each of them has special As shown in table 1, for each situation of the two factors, because of lack of resources and expensiveness of each experiment, we just did two experiments.
In table 1 there are (40 ) data observed randomly and all of them it will be use. By choosing the response, data, and factors we can be sure about first and important part of the experiments. This means that, the preexperimental planning is complete.
Experimental Design

Choice of experiment
If the pre-experimental planning activities are done correctly, the choose of experiment becomes relatively easy. In this section we have to select a number of replication and determine which type of design should be used. There are several designs that can be choose to do this experiment but, because of the lack of the resources and expensiveness of the experiments, we have to choose the number of replication as two replicates under each weight and acceleration.
Factorial Design
In this paper, we suspect that there are two factors effect on the response of experiments (fuel consumption of the car) more than the other factors. There are many design experiments involve the study of the effects of two or more factors. In general, factorial designs are most efficient for this type of experiment. By a factorial design, in each replication of experiment, all possible combination of the levels of the factors was investigated [7] .
Because of the above reason, we had used factorial design of choice of experimental design in this experiment, and as result the two-factor factorial design applied for experiments. Table 2 shows the basic design of two-factor factorial design.
As shown in table 2 there are two factors, acceleration as factor and has five levels and weight as factor B that has four levels (based on table 1). 
Formulate effects model and test hypotheses
The observation in a factorial experiment can be described by a model. In this experiment all factors are fixed, therefore it is easy to test hypotheses and formulate effects model. Also the probability of type one error,  , often called the significance level had chosen as 0.05 in this experiment.
For a fixed effect model, test statistics for each main effect and interaction may be constructed by dividing corresponding mean square error. All of these F test will be upper tail, one tail test. The number of degree of freedom for any main effect is the number of levels of the factor minus one, and the number of degree of freedom for an interaction is the product of the number of degrees of freedom associated with the individual components of the interaction. Effects model and testing hypothesis in the following pages.
In this design a is the number of weights that has been used in this research, and b is the number of accelerations that has been assumed for the car. The total of each treatment can be shown in table 3. 4 Statistical Analysis
Analysis of the data
Statistical methods should be used to analyze the data so that results and conclusion are objective rather than judgmental in nature. If the experiment has been designed correctly and if it has been performed according to the design, the statistical methods required are not elaborate. There are many excellent software packages designed to assist in data analysis. In this paper, Mathematica and MS-Excel has been used to analysis the data. Tables and formulas that construct in the following pages make everything clear to realize steps of analyzing.
Analysis of variance (ANOVA)
Mathematica and MS-Excel for constructing analysis of variance have been used.
The analysis of variance is summarized in table 4 that constructed with Mathematica software package. The primary assumption in this work is = 0.01. From the table 4 and the assumption of the value we can understand that none of the two factors, weight and acceleration, lonely is significantly affecting the fuel consumption of the car. But the interaction of these two factors is significantly affecting the rate of fuel consumption. However, to compare the results of each treatment, Tukey method was used to show that each treatment is significantly different from the others or not. To know the answer of this question each pair of the treatments together with the Tukey method is compare as bellow.
The rate of fuel consumption in this project has been shown as unit value of (km/lit). This means that the best fuel consumption is that value which gives maximum travel distance passed by the car under the same fuel consumed. PostTests → {Weight → Tukey {{827,1052}, {902,1052}, {827,1127}}
According to the above statement that is from Mathematica software, we can understand that there is no significant difference between weight 827, 902, and 977 kg. This shows that we can run the car with 977 kg weight without sensible change in fuel consumption in compare with the time that we run it with 827 kg weight. Logically we know that the optimum usage of the car is in the time that we use it with more weight. According to the above statement that is from Mathematica software, we can understand that there is significant difference between acceleration 2.1 and other accelerations that have been experienced in this project and also we see that the more acceleration, the more fuel consumption is caused. Then the economical acceleration of the car is 2.1 meter per square second.
Analysis of residual
After performing analysis of variance, the second step is to check of the normality assumption that could be made by plotting residual histogram. useful procedure is to construct a normal probability plot of the residuals. By using following formulas we can find the residuals, and data of residuals summarized in Fig. 2 , normality assumption had checked and as it is shown in this figure there is no point outlier. The reason is that, the data have been chosen randomly & it has variety of scale (quantity). Furthermore in this experiment there is a fixed factor design model so it is possible to use the data without eliminating any data or repeating any experiment.
Test for equality of variance
Another assumption that must be satisfied for this experiment is equality of variance. If the model is correct and if the assumptions are satisfied, the residual should be structure less. In this experiment check equality of variance by plotting residual versus the predicted values . ij ijk y y   . As shown in the Fig. 3 , there is no obvious pattern so we can conclude that equality of variance satisfied and assumption of homogeneity of variance is not violated. 
Conclusions
The effect of acceleration & weight of a car on its fuelconsumption had been studied using Design and Analysis of Experiments. By using ANOVA it was shown that the fuel consumption increases with the increase of the car weight. This means, as the mass of the car increases, the travel distance of the car per unit volume of the fuel will decreases and accordingly, the cost per unit travel of the car will increase. As a result of this relation, it seems sensible to explore every avenue towards saving energy in cars making.
Mathematica software was used to obtain this decision in this experiment. The conclusions that have been drawn from the analysis are summarized as follow: 1. The maximum persons that can be in the car without affecting the fuel consumption significantly, is three. 2. The maximum acceleration that is economically is 2.1 meter per square second. 
